Yield performance in wheat (Triticum aestivum) was compared under crop residue, tillage system and nitrogen rate treatments in cereal based cropping system. The experiments were conducted at Agronomy Research Farm, The University of Agriculture, Peshawar, in 2009 -2010 and 2010 
, respectively) were applied uniformly to all fields before sowing. Nitrogen as subplot treatment (0, 40, 80, 120 and 160 kg ha -1 (ESP 2012) . Wheat production in the country has increased considerably since 1960s due to increase in arable area, introduction of the yielding varieties, nitrogen fertilizer and adopting effective agronomic measurements (FAOSTAT 2012) . Food security of the country is at a risk due to rapid increase in the population (FAO 2009) . It is expected that by the year 2050, total population is expected to cross the figure 0.27 billion from the existing 0.18 billion (ESP 2012; UNPD 2011), which may owe their existence to synthetic N fertilizers (Smil 2011; UNWPP 2012) . The widespread adoption of N fertilizers has boosted the food productivity. Currently, the increase in population can either be fed by supply of adequate amounts fulfilling the crop nutrients demands i.e. the N throughout the growing season and substantially increase yields (Silvester-Bradley 1993) . From 1961 to 1996, generally the world cereal grain production has shown an annual increment of about 4.1% (Mosier et al. 2001) , of which only 40% is attributed to increase in productivity by N fertilizers (Brown 1999) . Adoption of the N fertilizers has also increased the overall farm yield. Before the advent of N fertilizers, it was typical to maintain 25-50% fertility of a farm in a legume-rich pasture or cover crop that has regenerated soil fertility through biological fixation of atmospheric N and the buildup of slowly weathered nutrients in plant biomass (Smil 2001 ). An increasing number of the people also think that our global food system is rapidly approaching the optimum. Under such conditions, conversion of the sustainable agriculture is essential to sustain life in the region.
) was applied in two splits, half at 15 and the other half at 45 days after sowing with uniform cultural practices for crop growth and development. Compared to year 1, crop of year 2 showed better phenology with extended life cycle (LC). On two years average across tillage and N treatments, biological yield did not change (p<0.05) under the residue but did report lower at no-residue treatment. Nonetheless, grain yield showed a significant (p<0.05) change with the highest in legume followed by cereal and the lowest in no-residue treatments. A non-significant tiller number and significant variations in grain weight and spike m -2 were observed that influenced the grain and biological yield differently. Deep than shallow tillage resulted in better traits, which returned better biomass and grain yield. Nitrogen application from control to every increment showed a significant (p<0.05) improvement in all observations contributing in yield. The study confirms the significance of legume vs. cereal over no-crop residue incorporated through deep tillage system with optimum N (
Sustainable farming system can be maintained through adequate soil and crop management for increase in production through restoring soil fertility (Pathak et al. 2003) . For sustainable production of soil, the crop residue incorporation has increased production fourfold from 11 to 37 Mha in a decade (IFOAM 2012) . Crop residue, traditionally considered a trash or agricultural waste, includes corn stalks, corn cobs, wheat straw and other leftovers from grain crops are now being viewed as a resource with economic value. If the current trend continues, crop residue is and will be a valuable product of the grain crop in agriculture management system (Hofstrand 2009 ). Appropriate incorporation of the crop residues has increased rate of organic matter in the soil (Teixeira et al. 2009 ) that could ensure availability of the global food grain production (Karlen et al. 2009 ). Crop residue returns fertility back to the soil. It is estimated that harvest of the residue has removed 20 pounds of nitrogen, 2.9 pounds phosphate and 25 pounds potash per ton of dry matter (Edwards 2007) . Tillage in combination with residue has a close association in efficient and effective decomposition of organic matter into the soil with increased in fertilizer application efficiency (Bhagat 1990 ). Besides ensuring a sustainable productivity, the residue management can be an integral part of the future food security in regions where population is increasing and soil organic matter is depleting. Appropriate decomposition of the crops residue with proper tillage system has been reported to increase in yield (Strudley et al. 2008) .
Useful to know is the yield potential of a major crop e.g. wheat annually grown on a 40% cropped area through residue management of legume and cereals vs. no residue (Fillery 2001) . We intend to know yield variations under the nitrogen rates with and without residue of cereals and legume of different nature on a cereal based rotation system.
MATERIALS AND METHODS
Field experiments were conducted at Agronomy Research Farm, the University of Agriculture Peshawar-Pakistan in 2009-2010 and 2010-2011 . The experimental site is located 350 m above sea level at Peshawar (17º, 35´ N and 35º, 41´ W) with main cropping system of wheat-maize-wheat. Soil of the experimental site is clay loam, deficient in mineral N (<8.2 mg kg -1 soil), P 2 O 5 (<20 mg kg -1 soil) with adequate K 2 O (>120 g kg -1 soil). The soil has a pH7.9 and organic matter content less than 1%. Climate of the area is warm to hot, semi-arid subtropical receiving <500 mm annual precipitation with daily mean temperatures varying from 45±4 o C in summer to 10±3 o C in winter. A total of 30 treatments (i.e. three crop residues, two tillage practices and five N fertilizer rates) each replicated four times were studied for two crop growth seasons. The experiments were conducted in a randomized complete block design having split-plot arrangement. The residues treatments (i.e. no residue, legume residue and cereals residue each applied 5 t ha -1 ) and tillage treatments (i.e. shallow tillage using cultivator vs. deep tillage using Mould bold plow) were assigned to the main plot and nitrogen rates (i.e. 0, 40, 80, 120 and 160 kg ha -1 ) to the subplot. The main plot was maintained as 17 × 4 m and subplot 3 × 4 m, accommodating 16 rows at 25 cm equal distances. A demarcation 0.5 m was also maintained between main plots and sub plots. Wheat (Triticum aestivum) basic seeds (cv. Pirsabak 2005) were obtained from Cereal Crop Research Institute (CCRI), Pirsabak, Nowshera. Crop residues of cowpea (legume Vigna unguicuata var. Ebney) and maize (cereal Zea mays var. Azam) were collected from summer season crop harvested at the farm. The semidried crop residues were chopped 3-5 cm in length on an electric chopper. Based on dry matters, desired quantity was spread in respective experimental units. The C and N ratios of crop residues (cow pea and maize) at the time of incorporation were 31:1, 31:1 and 81:1, 71:1 during the crop seasons 2009-2010 and 2010-2011, respectively . The respective main plots were subsequently plowed with a Mould bold plow as deep tillage (45 cm depth) and with a cultivator as shallow tillage (15 cm depth). Each plow was run twice across the field. Subsequent irrigation of the field was given after plowing to ensure rapid decomposition. During seedbed preparation, the entire field was plowed with cultivator followed by planking. Planting was done on November 23, 2009 and November 15, 2010 with the automatic tractor drawn drill spaced uniformly rows at 25 cm distance and 2.5 cm depth. Uniform seed rate (120 kg ha -1 ) was used. Phosphorus and potash were applied at seedbed preparation at the rate of 80 and 40 kg ha -1 , respectively, using single super phosphate (18% P 2 O 5 ) and murate of potash (60% K 2 O) sources. Nitrogen fertilizer was applied from urea (46% N) source in two split applications as pre treatment requirements, half after emergence and half 45 days after sowing as strip application in between the rows. Recommended cultural practice e.g. irrigation, weeding and hoeing (manually) was applied throughout the crop growth as per crop demands. During growth, observations were recorded on days to emergence, days to anthesis and days to maturity by counting days taken from planting to 50% plants produced the respective traits in an experimental unit. Tiller and spike m -2 was recorded by counting tiller number in 0.5 m row at three places in an experimental unit at harvest and averaged for a mean value. The data was converted to tiller and spike m -2 , respectively. The grains per spike data was recorded by counting grains in 25 randomly selected spikes in each experimental unit and averaged for a single value. Thousand grains weight was recorded by weighing thousand grains at a stable balance. The biological yield was recorded by harvesting six central rows from an experimental unit, sun dried in the farm, weighed and converted to kg ha -1 . The grain yield was recorded in six central rows, harvested for biological yield in an experimental unit and threshed for grain yield. The harvest index was calculated as ratio of the grain to biological yield.
Analysis of variance (ANOVA) technique was used to detect significance effect of the applied treatments on observed parameters. Data from both years were analyzed together and treatment values were expressed as mean of the two seasons. In case of significant difference, LSD test and standard error of means (Steel & Torrie 1997) were used to separate by computer software (SAS Institute 2011).
RESULTS
Data on growth, yield and yield related traits of the two crop seasons are presented in different columns (Table 1) , the correlation coefficient matrix of the yield traits (Table  2 ) and interactive effects of treatments (Figures 1 to 4) has shown a significant (p<0.05) response, respectively. Among the crop phenology, 2010-2011 crop was observed with a longer life cycle (LC) than the crop 2009-2010 and hence resulted in a significantly extended both vegetativeday (VD) and reproductive-day (RD). A similar response was observed for the crop residue treatments on LC, VD and RD, with the highest under legume, followed by cereals and the lowest at no residue (Table 1) . Deep over the shallow tillage extended LC with longer VD and RD. Nitrogen as treatments showed the longest LC as well both VD and RD under the highest application rate (160 kg ha -1 ), which subsequently decreased the crop LC, VD and RD when N was reduced from 160 kg ha -1 at every step down rate of the applied treatment to the lowest in control.
Among the yield traits, second season crop out yielded both the tiller number and productive tillers i.e. the spikes per unit area, grain number per spike and thousand grains weight. Consequently, it reflected higher (p<0.0%) grain, biological yield with a better harvest index over the first season crop. Crop residue application of either nature did not differ but did differ than no residue in total tiller number per unit area. Nonetheless, legume residue showed the highest productive tiller than cereal residue (p<0.05) and the cereals than no residue treatments with significant differences from each other. Grain per spike was reported the highest under legume with a non-significant change in cereals and no residue treatments. However, the unit grain weight did show significantly positive changes from no residue to cereals and the highest under legumes residue. This reflected a similar response on grain yield with the highest for legume, followed by cereals and the lowest for no residue treatments. Biological yield in either residue was the same but the lowest (p<0.05) in no residue treatment. Harvest indices significantly improved from no residue to cereals and from cereals to legume residue applications. Deep than shallow tillage system showed a significant reduction in all yield traits and yield including the harvest index. Likewise, all the observed yield traits including the grain and biological yield showed a significant increment, when N was applied at every higher rate over the control (0) to the maximum (160 kg ha -1 ) application rates. Harvest index did not differ at 160 and 120 kg ha -1 but did show a significant (p<0.05) reduction when N application to the crops declined with the lowest in the control (0) treatment. Between the grain yield and its individual traits, there was a strong association observed when regressed with each other (Table 2 ). This association was observed stronger within and among the traits with strong positive correlation for two years average data of the experiments.
Interactive effects of the treatments (crop residue × tillage) did vary significantly for the VD, RD, grain yield and HI only (Figure 1 ). Deep than shallow tillage system out yielded the VD in a relatively stable fashion with an increasing trend from no residue to cereal residue and from cereals to legume residue. Contrary to that, RD showed a minute difference for deep versus shallow tillage system at no residue, almost the same at cereal residue and a relatively moderate difference at legume residue treatment. Grain yield did vary for the treatment on no residue application between deep and shallow tillage system with almost a matching readings at either residue applications but higher for the legume than cereal. Harvest index was differed in shallow and deep tillage system at no residue but quite similar at either residue but with the highest for the legume than cereal. Interactive effects of Grains weight Means followed by same letters (s) are non significant to each other, EM (days from sowing to emergence), VD (days from emergence to flowering), RD (days from flowering to physiological maturity), LC (total crop life cycle), ns = non significant, * = (p<0.05), ** = (p<0.01) treatments (crop residue × N) for the different parameters found significant are shown in Figure 2 . The VD, RD and LC showed a moderate to mild increasing trend for all the three residue treatments when N increased from 0 to 160 kg ha -1 . Nonetheless, no residue with cereal residue treatments was found the same at the highest N. Contrary to that, either residue did not differ at control but legume residue enhanced RD at any rate of N application while cereal with no residue treatments did not differ at any N application rates. The crop LC did differ at any stage from control to any increments of N application with lowest for the no residue, higher for the cereal and the highest for the legume residue application to wheat crop. Among the yield trait interaction, spike number than tillers showed a clear difference at no N between no residue and likewise between cereal and legume residue application, which enhanced at a significant rates with increasing N application rates. These differences were found among the residue at any N application rates. Grain weight was enhanced with increasing N but was found different in fashion when compared between the residues and/or with no residue at a given rate of N application. Control (no residue) did not *,** Significant at 5 and 1% probability, respectively EM (days from sowing to emergence), VD (days from emergence to flowering), RD (days from flowering to physiological maturity), LC (total crop life cycle), Tm -2 (tillers m -2 ), Sm -2 (spike m -2 ), GS -1 (grain spike -1 ), TGW (thousand grain weight), BY (biological yield), GY (grain yield) and HI (harvest index) show a matching grain yield with cereal and/or legume residue at any given rate of the N application including control treatment. Biological yield did not differ between residues but was found lower at no residue in control and at any given N rate to the crop. Harvest indices showed a clear visible increasing trend among the no residue, followed by cereal and the highest for the legume residue. The 140 and 160 kg ha -1 did not show any significant change among the three residue treatments. Tillage with N interaction was also found significant for different observations with higher for deep than shallow tillage at any N rate (Figure 3) . The crop VD and LC showed a uniform difference between both tillage systems at any N applications. Contrary to this, grain and biological yields as well as harvest index showed a significant increase at any increment of applied N with minute to moderate differences between the two tillage systems. Three factor interaction (tillage × crop residue × nitrogen rates) also showed significant responses for RD, grain weight, grain and biological yield and harvest index (Figure 4) . The RD showed differences among residue treatments at shallow tillage with almost similar trends for no residue at any N application rates. Cereal than legume under the deep tillage was observed higher at any N. Grain number also varied among residue than no residue treatment under shallow and deep tillage in similar fashion with increased in N rates. Similarly, the residue was not found comparable with no residue at any N rates either in shallow or deep tillage for biological yield. The harvest indices showed clear variations among the treatments when N was increased from 0 to 160 kg ha -1 for both tillage systems but with remarkable differences under the shallow system at 140 and 160 kg ha -1 as compared to the deep tillage systems.
DISCUSSION
Residue decomposition in soil is a natural but slow process. It takes time to be made available to plant and Nitrogen rates (kg ha -1 ) 
improve performance of the soil microbes. Rate of residue decomposition in soil has a close association with the amount of soil nitrogen (Sierra & Motisi 2012) . The process of decomposition starts with liberation of CO 2 and H 2 O into organic combinations and formation of new compounds. Organisms responsible for the decomposition of residue, other than essential elements, needs N and C. Low N soil has slow down the decomposition process (Md-Alamgir et al. 2012) . It is, therefore, essential to sustain a desired C:N through residue incorporation (Sierra & Motisi 2012) . Cereal vs. legume had higher C:N and likewise cereal vs. no-residue. We observed a higher yield with healthier traits under legume residue than cereal and in cereal than the no-residue treatments. Consecutive residue incorporation for two seasons with increasing N rate has also sustained a better C:N which probably has resulted in better yield performance of the second season than the first and/or two year average data. Under a semi permanent cereal-based cropping system, C:N is expected to disturb that may show a reduction in soil macro-and/or micro nutrients to express under the optimum applied rate of fertilizer (Youjun & Ming 2011) . Cowpea incorporated as legume residue had shown favorable effects (p<0.05) over the cereal and/or cereals from no-residue treatments on yield traits that resulted better dry matter and grain yield (Maskina et al. 1993 ).
Compared to the year 1, we noticed better yield and yield traits in year 2. It might be possible that fresh residues has decomposed faster but not necessary advantageous for the growing crop right after their application of either legume or cereal nature (Youjun & Ming 2011) . Rate of degradation of the crop residue into organic matter (OM) varies from months in non-humic substance to years in the humic-substance (Sierra et al. 2010) . Crop VD increased under application of N rates. More days taken by a crop to reach anthesis could be easily correlated with continuous cell division and multiplication under the optimum nitrogen, which may have prolonged vegetative phase of development (Hameed et al. 2003) . The more days to anthesis can also favor the extended leaf area duration and a better vegetative growth as reported for total biomass. It is advantageous for the crop to utilize the radiation efficiently for biomass production (Delden 2001) . Longer RD correlates to higher N application. It may have delayed senescence and/or sustained photosynthate long by resulting healthy grain (Frederick & Camberato 1995) . It is known that the number of days to physiological maturity under higher N is important for better grain filling duration (Ayub et al. 2002) . We also noted a linear increase in VD and RD by increased N from 0 to 160 kg ha -1 . Long VD with high N might have converted carbohydrates rapid to protein, which has resulted increase in cell size (Bundy & Andraski 2004; Deng et al. 2004 ). Optimum utilization of N had already shown increment in grain number due to transition of carbohydrates in phloem with rapid increase in cell division (Tabatabaii et al. 2011) . Optimum N had also increased protein, which showed positive response on grain weight (Guenis et al. 2003; Kausar et al. 1993) .
CONCLUSION
Compared to the 1st year crop, the 2nd year crop showed more profound treatment's effect on crop establishment and yield. It can be said that legume residue (LR) incorporation at 5 t ha -1 had improved the life cycle and hence the grain yield. Deep-over the shallow tillage system had beneficial to improve relatively better crop yield. Residue with higher N had shown lasting effect on the crop grown. Legume residue incorporated with a deep plow (Cultivator) and 120 kg N ha -1 showed better response than cereal residue with 160 kg ha -1 and/or control (no residue) with the highest N application of the cropping system. Thus, incorporation of legume residues with deep plow and relatively lower N application (120 kg ha -1 ) is more advantageous to sustain soil fertility and crop productivity.
